Helicobacter pylori is a gram-negative bacterium that establishes life-long infections by inducing 20 immunoregulatory responses. We have developed a novel ex vivo H. pylori co-culture system to 21 identify new regulatory genes based on expression kinetics overlapping with that of genes with known 22 regulatory functions. Using this novel experimental platform, in combination with global transcriptomic 23 analysis, we have identified five lead candidates, validated them using mouse models of H. pylori 24 infection and in vitro co-cultures under pro-inflammatory conditions. Plexin domain containing 2 25 (Plxdc2) was selected as the top lead immunoregulatory target. Gene silencing and ligand-induced 26 activation studies confirmed its predicted regulatory function. Our integrated bioinformatics analyses 27 and experimental validation platform has enabled the discovery of new immunoregulatory genes. This 28 pipeline can be used for the identification of genes with therapeutic applications for treating infectious, 29 inflammatory, and autoimmune diseases.
7 time course (0, 60, 120, 240, 360 and 720 min). RNAseq analysis demonstrated important differences 152 in the gene expression profile within both genotype ( Figure  1C ) and treatment ( Figure  1D ). Almost 153 50% of genes exhibited a significant differential expression based on the treatment, with a substantial 154 upregulation after H. pylori challenge. Thus, H. pylori strongly influences the macrophage transcription 155 profile, resulting in drastic modifications in macrophage function that favor the generation of a 156 regulatory phenotype. Therefore, we sought to utilize the new co-culture system to explore novel 9 208 Initially, we performed an analysis based on the fold change of gene expression between genotypes 209 for each gene of both NLR and PPAR pathways across the entire time course presented in the form 210 of heat maps (Figure 3A, D) where blue represents genes downregulated in WT compared to 211 LysCre+, while red represents upregulation of gene expression in WT related to LysCre+. We 212 anticipated the presence of inverted patterns of regulatory and pro-inflammatory genes between both 213 genotypes, where regulatory genes would be increased in WT compared to PPARg-deficient, and pro-214 inflammatory genes overexpressed in PPARg-deficient group. Indeed, the bioinformatics analysis 215 revealed specific expression patterns in both signaling pathways that were clustered in groups. The
216
NLR pathway includes two well-defined clusters based on the distinct genotype gene expression 217 ( Figure  3A) . The orange box, at the top, contains genes upregulated in LysCre+ macrophages, and 218 the green box, at the bottom, contains a second class of genes with greater expression in the WT 219 group. Interestingly, the LysCre+ upregulated genes have a delayed expression pattern, while, WT 220 upregulated genes presented an earlier peak. The two NLR clusters are represented in the PPAR 221 pathway, also depicted in orange and green boxes ( Figure  3D ). The analysis of genes associated 222 with PPAR revealed an additional third cluster, highlighted in purple, including a group of genes 223 characterized by a dysregulated pattern. Particularly, those genes exhibited oscillating expression 224 kinetics in each genotype among the entire time course. A plausible explanation is the existence of a 225 strong PPARg interaction with these genes. Therefore, the absence of the transcription factor in 226 LysCre+ macrophages could alter the expression of the genes, due to direct activation, inhibition or 227 even due to the upregulation of compensatory mechanisms, that result into a fluctuating expression 228 pattern.
230
Gene selection was narrowed to the green box cluster (i.e. genes upregulated in WT), to include 231 genes with a positive response to H. pylori in WT macrophages that resembled the peak of bacterial 232 loads reported in this genotype ( Figure  1A) . The choice included 7 NLR ( Figure  3B ) and 10 PPAR 233 ( Figure 3E ) pathway genes highlighted in red, which were defined as seed genes. Based on the 10 expression patterns of the seed genes, we built an initial dataset that comprised both these original 235 genes and a group described as linked genes obtained from the global transcriptome dataset. Linked 236 genes are characterized by their similar expression pattern and linked functions to the seed genes.
237
Certain differentially expressed patterns were selected in this large initial dataset, and through 2 238 cycles of clustering within the entire global transcriptional dataset, we obtained a specific group of 239 candidates exhibiting the defined expression kinetics. To further narrow down our search, we utilized 240 the Pubmatrix (Becker et al., 2003) tool to select the most novel genes based on the following criteria: 1). Groups 1 and 2 exhibit a clear distinctive pattern within genotype, whereas no genotype 244 differences were observed in groups 3, 4 and 5 ( Figure  3F ). Further, the first two groups exhibit a 245 drastic upregulation post-H. pylori challenge in WT that was abrogated in PPARg-deficient 246 macrophages. Therefore, genes included in groups 1 and 2 displayed an expression pattern 247 potentially associated with a regulatory function.
249
Based on the pattern analysis, five genes from groups 1 and 2 of the final dataset were identified as 250 potential new regulatory leads for further validation. Plexin domain containing 2 (Plxdc2, Figure  4A ),
251
V-set and immunoglobulin domain containing 8 (Vsig8, Figure 4C ), Ankyrin repeat domain 29 252 (Ankrd29, Figure 4D ) and C1q and tumor necrosis factor related protein 1 (C1qtnf1, Figure 4E ) share 253 an early expression peak in WT macrophages, abrogated in LysCre+, that coincides with the bacterial 254 burden spike in the gentamycin protection assay. The kinetics of Protein phosphatase 1 regulatory 255 subunit 3E (Ppp1r3e, Figure  4B ) is slightly different since it was still upregulated in the last timepoint.
256
However, in LysCre+ macrophages, the expression pattern of all five candidates was consistently 257 downregulated and displayed as a flat line. Known properties of these five genes are described in 258 Table  1 . Publications linked to each of the genes reveal a large diversity of established functions;; 259 however, association with the immune system or the immune response was not reported for the 260 majority of the genes. Interestingly, cellular location is also highly heterogeneous. Only two 261 candidates, Plxdc2 and Vsig8, both plasma membrane receptors, have identified ligands. Thus, the 262 11 limited number of publications together with the current established function of each gene support the 263 novelty of their potential interaction with host immunoregulatory mechanisms.
265

In vivo and in vitro H. pylori-induced upregulation of all five lead target candidates in WT mice
266 is abrogated in pro-inflammatory macrophages from PPARg null mice.
267
To perform a validation of the five selected genes, we initially measured their expression, by qRT- Figure  5C ) expression was maintained at high levels throughout the time 275 course analysis. Cultures from LysCre+ BMDM exposed to H. pylori failed to upregulate expression 276 of the selected genes. Therefore, there is an early upregulation of the five genes in WT BMDM that 277 was suppressed in cells with a pro-inflammatory phenotype due to the loss of PPARg.
279
To explore the dynamics of the selected genes in vivo, WT and LysCre+ mice were infected with H. 
294
To further characterize the potential regulatory functions of the selected genes, we sought to assess 295 their behavior under inflammatory conditions in a controlled environment in vitro.
296
Briefly, WT and LysCre+ BMDM were treated with 100ng/mL of LPS for 60, 120, 240, 360 and 720 297 minutes. LPS administration in vitro activates BMDM and modulates their cytokine profile. Particularly,
298
LPS upregulates TNFα expression with a significant increment in LysCre+ macrophages ( Figure  6F ).
299
In contrast, the IL-10-induced peak reported in WT macrophages is abrogated by the lack of 300 PPARg ( Figure 6H) . Additionally, LPS treatment suppressed PPARg expression starting at 60 301 minutes post challenge ( Figure  6G ). The results show a slight decrease in Plxdc2 ( Figure  6A PPARg-deficient macrophages. However, no differences were reported for Ankrd29 ( Figure  6D ). As 
310
Once initial screening and validation of the five lead candidates was completed, Plxdc2 was chosen 311 to further explore its regulatory activity. Plxdc2 was selected based on the reported expression 
381
The significant impact observed in macrophage transcriptomics upon bacterial challenge resulted in 382 the induction of regulatory genes in WT macrophages, that is inhibited by the loss of PPARg and 383 suppresses the effector mechanisms to promote bacterial persistence. Therefore, the synchronized 384 ex vivo co-culture with macrophages, together with the utilization of NGS strategies, is a suitable 385 approach to capture the full spectrum of regulatory responses induced by H. pylori and to discover 386 novel regulatory mechanisms with a meaningful impact on the modulation of the immune response.
388
In addition to the combined NGS and bioinformatics analyses methods, in the current study, gene 389 selection is based on the similarities between the expression kinetics of candidate genes and known 390 host genes with validated regulatory functions. We performed a bioinformatics pattern-based analysis 391 utilizing genes with established regulatory functions to identify novel genes with similar 392 characteristics. In our system, the comparison within macrophages with distinctive immunological 393 steady states (WT versus PPARg-deficient) was utilized to select the initial core of established genes 
508
Cells were re-suspended in cRPMI_M and seeded in triplicate in 12-well plates (5x10 5 cells per well).
509
Cells were left to adhere overnight at 37ºC, 5% CO 2 and 95% humidity. 
518
For in vivo inoculum preparation, H. pylori was harvested at room temperature sterile 1X PBS and 519 adjusted to 2.5x10 8 colony forming units (cfu) per mL. To obtain the desired concentration, H. pylori 520 was adjusted to an optimal density (OD) of 1.2 at a 600-nm wavelength. The association of OD and 521 cfu/mL was based on a previous growth curve that correlated OD with H. pylori colony counts. For in 522 vitro inoculum preparation, H. pylori was harvested in antibiotic-free cRPMI and adjusted to 1x10 8 523 cfu/mL as described above. 
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